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8TUDT  OF  IGNITION  OF  GASOLINE  BY  STATICALLY 
DETONATED  1.8*  BAT  M28A2  ROCKET  HEADS  (p) 

TENTH  REPORT  OH  PROJECT  TB5-1224B 
ARMOR  TEST  REPORT  AD- 1216 

DATES  OF  TEST i  2  Deoenbcr  1964  Through  28  July  1955 

OBJECT 

To  investigate  the  ignition  of  gasoline  behind  various  thioknesses  of 
anaer  plate  by  5.8"  SAT,  M2  BAR,  rocket  heads. 


stnausr 


Thirty* five,  5.5*  SAT,  M2BA2,  rocket  heads  were  detonated  against  gasoline 
behind  throe  different  thioknesses  of  amor  plate.  The  frequency  of  fires  for  the 
tee  thinner  amor  plates  (5/4*  and  5")  was  100£;  for  the  third  and  thioker  (9”) 
8«*.  One  round  was  detonated  against  gasoline  to  obtain  fastax  film  data* 


CONCLUSION 

Baseline  is  readily  Ignited  by  the  5.6”  SAT,  M28A2,  rocket  head  even  when 
it  is  pretested  by  amor  np  to  nine  inehos  thick* 


RSCOHBNDATION 


An  Intensive  program  should  bo  initiated  to  investigate  various  naans  of 
suppressing  fuel  fires  in  snored  vehicles  subjected  to  HEAT  attack. 


KSqpADINO  DATA  CANNOT  BE  PREDETERMINED 
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I  imooocTioi  ~  ’jis  t 

A*  DI3CTO1IOI 

1*  This  teat  was  devised  to  oonp&re  tha  frequency  of  1 gait Ion  of 
dlaaol  fual  and  of  gaaolina  whan  aaoh  foal  was  attaokad  by  5*6"  M28A2  HEAT 
rookot  bands.  In  previous  tasts  tha  diasal  foal  had  baan  attaokad  nadar  "clean" 
oossditlons.  Accordingly,  tha  gasolina  In  this  tart  was  attaokad  undar  "clean" 
conditions.  A  "olaan"  condition  is  ona  in  whieh  there  is  no  oil  soakad  dirt, 
wood,  or  other  wiek-lik*  notarial  in  tha  vieinity  of  tha  target  fool  aaa.  A 
wick- like  notarial  increases  tha  probability  of  a  fire  by  increasing  tha  surface 
area  of  tha  fluid  so  that  it  is  more  readily  ignited. 

t*  Fear  test  conditions  ware  initially  planned.  Tha  variable  in 
those  conditions  was  tha  thiokness  of  amor  plate  to  bo  fired  through*  The  four 
tost  thicknesses  ware  S/d",  2",  8.1"  and  0.1";  oharges  ware  detonated  against 
the  thickest  and  thinnest  plates  first.  This  was  dona  to  determine  whether  or  not 
tbs  Other  two  thicknesses  need  be  fired.  A  vary  high  frequency  of  fires  far  both 
tha  s/d"  and  9”  amor  plates  was  aseuned  to  indioata  a  similarly  high  frequency 
ef  fire  for  the  into mediate  thieknesses* 

8*  In  addition  to  the  above  test  conditions.  Fasten  films  of  a  8*8" 

HEAT  rocket  head  jet  entering  and  leaving  a  fual  can  were  obtained.  Repreaentativa 
film  strip*  and  a  discussion  will  ba  found  in  Appendix  D. 

II  DE8CEIPTIQ  OF  WAT1BHL 

A*  Tha  gaaolina  uaad  in  this  program  was  winter  grade  of  86*90  oaten*  rating 

B*  The  containers  for  the  gasoline  ware  discarded  propellant  cans,  (Base, 
Steel,  It,  Vo.  Id  OS  Standard  gauge,  Dwg.  lo*  78*4*58).  The  liquid  capacity  ef 
these  asm*  it  approximately  16  gallons.  Each  can  whan  attaokad  was  7/8thi  full. 

A  total  of  approximately  540  gallons  of  gasoline  was  used. 

C.  Qeman  Tiger  task  Bulls  and  prototype  fual  compartments  fabricated 
leeally  (8*e  feel  compartment  drawing  in  Appendix  C),  ware  uaad  at  fuel  target 
holdera  and  armor  protection. 

0*  Thirty- five,  8.6"  MAT,  K2IA2,  rocket  heads.  Let  COF-4-95,  war*  detonated 
The  head*  warn  boastared  with  tatryl  pallets  and  initiated  electrically  by  means 
ef  Carps  of  Bnglneers  Special  Blasting  Capa* 

Be  Camara*FCetsui  (10,000  frame*/***)  • 

III  MIAIL6  OF  TB8T 

A.  PBOOPOa 

1*  Per  this  test,  five  Qarsmn  Tiger  Tank  Bulla  whieh  war*  fired  cm  in 
a  previous  tact,  but  atill  had  enough  amor  surfao*  far  us*  in  this  tost  ware  avail* 
able  for  use  aa  targets*  Tbs  hulls  war*  especially  suited  for  the  test  in  that  ne 
interior  components  had  been  installed  and  tha  interior*  ware  readily  aaceasibl* 
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f*r  the  installation  and  removal  of  the  fool  oontaineri.  The  hulls  also  provided 
armor  Of  150m  thickness  at  50®  obliquity.  This  combination  provided  an  effective 
thickness  of  9.1*  when  the  rooket  head*  were  detonated  parallel  to  the  ground. 

2*  Fuel  containers  used  were  diaoarded  propellant  eans.  whioh  were 
available  in  suitable  quantity.  The  oentainere  were  filled  to  7/8ths  oapaoity 
and  were  placed  in  the  hull  against  the  hull  side  or  upper  front  plate.  (See 
APS  Photographs  B5903  through  B5806,  Appendix  S.)  The  oontainers  were  held  in 
place  by  a  single  back-up  plate  of  S/8*  armor  steel  and  were  braoed  with  angle 
Irena  or  aeetions  of  pipe. 

8.  In  the  8"  phase  of  this  test,  the  prototype  fuel  compartment  was 
used.  The  front  plate  of  the  prototype  is  8"  thick  eloped  at  20°  from  the  vert leal. 
For  safety  reasons,  these  compartment ■  were  placed  inside  the  Tiger  Tank  Hulls. 

All  rocket  heads  were  detonated  with  the  prototypes  in  this  petition.  The  posi¬ 
tioning  and  bracing  of  the  target  fuel  eans  was  the  same  as  in  the  9"  armor  phase. 

A  drawing  of  the  prototype  will  be  found  in  Appendix  C. 

4.  For  the  8/4"  armor  phase  of  thie  test,  the  aide  armor  of  the  Tiger 
Tank  Stalls  was  modified.  The  modification  consisted  of  e  —a* hole  or 
witttnr  out  in  the  side  armor  of  the  tiger  tank  hull,  and  angle  iron  brackets 
welded  at  the  sides  of  this  window.  This  makes  it  easy  to  use  various  sites  of 
armor  plate  as  protection  for  the  fuel  eell.  So  the  fuel  cell  in  this  phase 
was  sandwiched  between  a  ft/4"  face  plate  and  a  8/8"  back-up  plate.  The  face  plate 
was  wedged  in  the  angle  iron  brackets  with  pieces  of  pipe  and  other  metal  objects. 
The  feel  eell  and  the  back-up-plate  were  braoed  in  the  usual  manner. 

6.  The  rocket  heads  were  mounted  on  wooden  holders,  parallel  to  the 
ground,  and  aimed  at  the  center  of  the  target  ean.  Initiation  was  aooomplishod 
with  tetryl  pellet  boosters  and  Corjs  of  Engineers  Speelal  Blasting  oaps. 

6.  The  fuel  temperatures  were  measured  with  a  msroury  in  glass  hand 
thermometer.  Ambient  temperatures  were  obtained  from  meteorological  rsoords. 

These  temperatures  along  with  a  description  of  can  damage,  record  of  fires,  date 
of  fires,  end  armor  thicknesses  la  oaeh  instance  are  found  in  table  I.  Appendix  B. 

T.  Descriptions  of  the  conditions  for  festax  film  data  and  of  the 
results  ere  found  in  Appendix  D. 

ft.  BWHLT8 

1.  The  fire  frequency  hr  the  8/4”  armor  thickness  phese  w  es  eleven 
fires  in  eleven  trims.  For  the  ft*  armor  thickness  phese.  it  wes  twelve  in  four¬ 
teen.  In  one  ease  in  which  fire  did  not  occur,  (through  the  9”  erne r)  the  jet 
did  net  exit  from  the  eeaj  end  in  the  ether  seas,  lee  wes  found  in  the  can  after 
the  rocket  heed  had  been  fired.  One  additional  rocket  heed  failed  to  penetrate 
the  9*  armor  completely.  This  charge  wee  discounted  es  a  test  round. 

8.  tine  of  the  prototype  compartments  wee  liquid  tight,  end  held  the 
gasoline  Inside  after  the  jet  had  penetrated  end  dislodged  the  target  can.  All 
of  the  fires  in  this  compartment  were  confined  to  the  compartment.  The  flames 
still  earns  through  the  top  grille,  however. 
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5.  The  other  prototype  compartment  was  not  liquid  tight*  Consequently 
it  ms  engulfed  in  flames  because  of  the  leaking  of  the  gasoline  to  the  floor  of 
the  tiger  hull* 


IT  CONCLUSIONS 

Gasoline  is  readily  ignited  by  3*5"  HEAT  M28A2  Rocket  Heads  under  t  he  con¬ 
ditions  of  this  test  program,  that  isi 


A*  In  oold  weather. 

B*  Under  dean  conditions. 

C.  When  protected  by  steel  armor  up  to  9  inches  thick. 


7  RECOMMENDATION 


An  intensive  program  should  be  initiated  to  investigate  various  means  of 
suppressing  fuel  fires  in  armored  vehicles  subjected  to  ballistic  attack* 


APPROVED i 


IAKI  S.  GOODWIN 
latent  Direotor  for 
Lneering  Testing 
Dev.  A  Proof  Servioes 


/  j ^ 

0.  S.  BUCZALA 
Ordnance  Engineer 


Chief,  Terminal 
Ballistics  Division 
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Correspondence. 

Round-By- Round  Data  -  Tabic  I. 
Drawings  Prototype  Fuel  Compartment. 
Pastas  Film  Data  and  Discussion. 
Photographs. 
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COP  T/ktl 


to  M  tic« 


TBD  t  Chief,  Weapon  System  Laboratory  Q.Beiohler/ah/24271 

Director,  Development  and  Proof  Senrieea  Id  Wovenber  1954 


Direotor,  Ballistic  Research  Laboratories 


Vulnerability  of  Gasoline  to  the  M28A2  5.5  Inch  BEAT  Round 

1.  There  exists  in  the  study  of  tank  vulnerability  a  neoeasity  to  etuapare 
the  vulnerability  of  gasoline  ( 80/85  ootane)  to  diesel  fuel.  To  aooeaplish 
this  a  test  proeedure  comparable  to  that  reported  in  DAPS'  fort  hooting  report, 
AD  1188,  is  necessary  substituting  gasoline  in  plaoe  of  diesel  fuel.  Zt  is 
desired  that  the  foil  earing  test  be  eonduotedt 

a.  Attacking  Projectile  -  5.5  inch  M28A2  HEAT  projeotiles 

statically  fired. 

b.  Target  -  Id  gallon  gasoline  filled  powder  cans  placed 

behind  the  amor  of  clean  German  Tiger  Tanks 
as  shewn  in  Figure  1. 

e.  Conditions  -  All  rounds  are  to  enter  the  po^er  cans  at 
the  sane  fuel  level. 


Figure  1 


Back  Plate 

Amor  Powder  can 

5.6  BEAT  Metal  Support  Bar 

Bound 


Semen  Tiger  Hull 
2.  Table  1  lists  the  proposed  firings  i 

Table  1 


lubber 
»f  Bounds 

Amor 

Thickness 

Obliquity 

Location  of  Bound 

Fuel 

Level 

10 

9.1" 

20 

Belov  Fuel  Level 

T/8  Full 

10 

3.1" 

20 

mm  m 

• 

m 

10 

2.0" 

0 

mm  m 

m 

m 

10 

5/4" 

0 

mm  m 

m 

m 

All  rounds  will  be  furnished  by  the  Tank  Effectiveness  Branch,  WSL,  BHL. 


SUBJICTi  Vulnerability  of  Oaaolino  to  the  M28X2  8.6  Inch  HBXT  Bound 

16  Vovoabor  1664 

8.  Coop lota  photographlo  rooerda  of  tho  damage  oftor  oooh  round  plus 
Vertex  moving  pieturoa  of  a  fa*  rounda  aro  doalrod.  Othor  data  of  primary 
internet  ooaoiat  of  tho  olaaalfleatloa  of  firoa,  i.e., 
a*  Bo  fir# 
b.  (round  flro 
e.  email  flro 
d.  ordinary  flro 

no  olaoaiflod  In  AD  1188*  It  it  doalrod  that  thia  data  alone  with  all  ethOr 
portlnost  data  on  tho  offootlTonoaa  of  individual  rounda  bo  fomardod  td  tho'' 
Tank  Vulnerability  Soetlen  ao  it  la  oolloetod. 

4.  Oooaaloaal  meetinga  aro  doalrod  botooon  OOPS  and  BBL  repreaentativea 
to  dlaouaa  problaau  that  ariao  during  tho  firing a.  Vooosaary  ehangoa  to  tho 
firing  proooduroa  any  ho  nado  with  tha  approval  of  both  Dips  and  BBL  repreeeata* 
tlvoe. 

5.  Thia  program  la  alaaalfied  IX  and  ia  to  bo  oondaotod  undor  Prejeot 
TB8-1224B,  Vbrk  Ordor  Vunbor  962-002*00.  All  data  portalnlng  to  tho  roaulta 
aro  to  bo  elaealfled  "C0I7IDBBTIAL"  • 


V.  S.  EXPERT 
Major,  Ord  Corpa 
Aaaiatant  to  Dlrootor 
Balliatlo  Baaoaroh  Laboratories 
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Drawing i  Prototype  Fuel  Compartment 
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8*5"  SAT  Rocket  BMid  vs  Gasoline 


The  rocket  head  ns  aimed  parallel  to  the  ground  at  an  unprotected  fuol 
container  some  16  foot  away*  Th*  fuel  oontainer  was  plaoed  on  top  of  a  60  gal. 
drum  and  a  8"  pieoe  of  armor  plate*  This  arrangement  brought  the  oenter  of  the 
oontainer  just  even  with  the  roolcet  head  position*  Ten  feet  behind  the  fuel 
oontainer  a  white  backdrop  of  oelotex  was  nailed  to  stakes  in  the  ground*  The 
oamera  was  placed  35  feet  from  the  side  opposite  the  white  oelotex  baokdrop* 

Zt  was  synchronised  to  start  by  the  same  eleotrio  impulse  that  detonated  the 
rocket  head* 


The  rooket  head  was  detonated  from  the  inside  of  a  nearby  Tiger  tank 
hull.  This  was  done  to  protect  the  camera  and  other  equipment  from  rooket 
head  fragments* 

APG  Photograph  B10140  is  the  positive  print  of  a  3  strip  portion  of  the 
Fastax  film*  The  jet  of  the  shaped  charge  was  traveling  at  approximately 
17000  ft/see*  The  can  with  fluid  inside  slowed  the  jet  to  5000  ft/seo*  A 
large  flash  on  the  front  of  the  fuel  container  resulted  when  the  jet  hit  the 
oontainer*  This  flash  oontinued  for  quite  a  length  of  tine  (about  *0065  see) 
until  masked  by  the  burning  gasoline  vapors  and  fluid  that  exited  through  the 
jet  entrmnoe  hole*  The  oontainer  began  to  bulge  as  the  jet  exited  from  the 
oontainer*  This  bulging  oontinued  and  reached  its  maximum  in  about  6*6 
milliseconds.  The  relaxing  of  this  bulge  ooninolded  with  a  loss  of  liquid  and 
vapor  through  the  entrance  and  exit  holes*  Fire  resulted  on  the  front  of  the 
oan.  In  the  final  strip  of  film  (APG  Photo  B10140)  the  fuel  container  is 
enveloped  by  fire  (flame  or  flash)  from  the  front  and  by  smoke  from  the  rear* 
For  a  comparison  with  similar  photographs  of  3*6"  BEAT  against  diesel  fuel, 
and  water,  see  APG  Report  AD-1188,  Photographs  A92195  and  A92192. 
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Project  No,  TB3-1224B.  Rocket  Heads ,  3,5”,  HEAT,  versus  Gasoline, 
Round  One,  Positive  prints  of  high  speed  motion  picture  strips 
(10  frames  -  1  millisecond).  Container  15*  from  armor  and  HEAT 
Round.  LEFT:  Note  flash  of  impacting  jet  in  fourth  frame,  exit 
of  jet  along  with  flash  in  bottom  frame,  CENTER:  Flashing  con- 
tinues  in  top  two  frames,  target  can  begins  to  bulgeinbottom  ' 
frames.  RIGHT:  This  strip  shows  beginning  of  fire  on  front  side 
_ ..  of.  can,  _  ....  _ . .  .  _  _ _ 
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Project  No.  TB3-1224B.  Vulnerability  of  Gasoline  to  3.5"  HEAT.  ' 
Frontal'  s  lope ,  No .  3  tiger  hull,  showing  round- in- place  on  wooden 
frame.  Tip  of  gasoline  can  showing  through  machine  gun  port. 
Gasoline  can  behind  9"  of  plate  at  obliquity  used. 
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Project  No,  TB3-1224B.  Vulnerability  of  Gasoline  to. 3.5”  HEAT,  . 
Inside  ba!ck  of  frontal  slope  of. No.  3  tiger  hull,  shoeing  gas b line 

_ _ _ can-  held— in-p la ceby  back-up  plate  a  nd  -pipe~brace3  .  “ The  can  is  a 

•.  -  uaed  105  lb,  powder  can,  '  ' 
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Project  No.  TB3-1224B.  Vulnerability  of  Gasoline  to  3.5n  HEAT. 

Back  of  left  side  of  No .  2  tiger  hull  showing  gasoline  can  in  place 

_ behind. plate.  NOTE:  Brackets  on  ends  of  can  are  used  to  hold 

-various,  sizes  of  armor  plate.  .  r  .  “ 
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Project  No.  TB3-1224B.  Vulnerability  of- Gasoline  to  3.5n  HEAT. 

'  Picture  shows  fire  In  No.  3  tiger  hull.  Fire  -  in  and  under  hull.. 
Photograph  was  taken  about  10  minutes  a~?zer  fire  started. 


